(19) 



J 



Europaisch s Patentamt 
European Patent Office 
Office europeen d s br vets 



(11) 



EP 1 156 531 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



//I o\ 

(43) 


Date of publication: 


(51) lntCl7: HOI L 27/12 




^i.ii.^uui DUiietin ^uu 1/4/ 






(86) International application number: 


/OH \ 

(21) 


Application number: 00977956.2 


PCT/J POO/08344 


(22) 


Date of filing: 27.11 .2000 


(87) International publication number: 






WO 01/41218 (07.06.2001 Gazette 2001/23) 


(84) 


Designated Contracting States: 


» Mitani, Kiyoshi Isobe R&D Center 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Annaka-shi, Gunma 379-0196 (JP) 




MC NL PT SE TR 


• Tate, Naoto Isobe R&D Center 




Designated Extension States: 


Annaka-shI, Gunma 379-0196 (JP) 




AL LT LV MK RO SI 


♦ Nakano, Masatake Isobe R&D Center 






Annaka-shi, Gunma 379-0196 (JP) 


(30) 


Priority: 29.11.1999 JP 33813799 


• Barge, Thierry 






S.O.l.TEC Silicon on Insulator Tech 


(71) 


Applicants: 


38190 Bernin (FR) 


• 


SHIN-ETSU HANDOTAI COMPANY LIMITED 


• Maleville, Christophe 




Chiyoda-ku Tokyo 100-0005 (JP) 


SOITEC Silicon on Ins. Tech 


• 


S.O.l.Tec Silicon on Insulator Technologies 


38190 Bernin (FR) 




38190 Bernin (FR) 








(74) Representative: Cooper, John et ai 


(72) 


Inventors: 


Murgitroyd & Company Ltd., 


• 


Kuwabara, Susumu Isobe R&D Center 


373 Scotland Street 




Annaka-shi, Gunma 379-0196 (JP) 


Glasgow G5 8QA (GB) 



(54) METHOD FOR RECYCLED SEPARATED WAFER AND RECYCLED SEPARATED WAFER 



CO 
LO 

un 



CL 
UJ 



(57) In a method for reclaiming a delaminated wafer 
produced as a by-product in the production of bonded 
wafer by the ion implantation anddelamination method, 
at least ion-implanted layer on a chamfered portion of 
the delaminated wafer is removed, and then a surface 
of the wafer is polished. Specifically, at least a cham- 
fered portion of the delaminated wafer is subjected to 
an etching treatment and/or processing by chamfering, 
and then a surface of the wafer is polished. Alternatively, 
the delaminated wafer is subjected to a heat treatment, 
and then polished. There are provided a method for re- 
claiming a delaminated wafer, which provides a re- 
claimed wafer of high quality that does not generate par- 
ticles even when it is subjected to a heat treatment with 
good yield, and such a reclaimed wafer. 
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Description 

Technical Field 

[0001] The present invention relates to a method for 
reclaiming a delaminated wafer produced as a by-prod- 
uct in the so-called ion implantation and delamlnatlon 
method in which a bonded wafer such as SOI (silicon 
on insulator) wafer is produced by bonding an ion-Im- 
planted wafer to another wafer and then delaminating 
them, and a reclaimed wafer 



Background Art 

[0002] As conventional methods for producing wafers 
of an SOI structure, there are the SIMOX (separation by 
implanted oxygen) method in which oxygen ions are Im- 
planted Into a silicon single crystal at a high concentra- 
tion and then the crystal is subjected to a heat treatment 
at high temperature to form an oxide film, and a bonding 
method in which two of mirror polished wafers are bond- 
ed without using an adhesive and one of the wafers is 
made into a thin film. 

[0003] However, as a method for producing an SOI 
wafer, the method comprising bonding a wafer implant- 
ed with ions and then delaminating the waferto produce 
an SOI wafer (a technique called ion implantation and 
delamination method: Smart Cut Method (registered 
trademark)) is recently coming to attract much attention. 
This method is a technique for producing an SOI wafer, 
wherein an oxide film is fomned on at least one of two 
silicon wafers, either hydrogen ions or rare gas ions are 
implanted into one wafer from its top surface to form a 
micro bubble layer (enclosed layer) within this silicon 
wafer, then the ion-implanted surface of the wafer is 
brought Into contact with the other silicon wafer via the 
oxide film, thereafter the wafers were subjected to a heat 
treatment to delaminate one of the wafer as a thin film 
at the micro bubble layer as a cleavage plane, and the 
other wafer is further subjected to a heat treatment to 
obtain an SOI wafer having firm bonding (refer to Japa- 
nese Patent Laid-open (Kokai) Publication No. 
5-211128). In this method, the cleaved surface is ob- 
tained as a good mirror surface, and SOI wafers also 
showing high unifonnity of SOI layer thickness are ob- 
tained relatively easily. 

[0004] More recently, there is also developed another 
technique, although it is a kind of the ion implantation 
and delamination method, in which the delamination can 
be performed at room temperature without performing 
any particular heat treatment by exciting hydrogen ions 
to be implanted and implanting them in a plasma state. 
[0005] According to these ion implantation and dela- 
mination methods, silicon wafers can also be directly 
bonded to each other without using an oxide film after 
the Ion implantation, and they can be used not only for 
a case where silicon wafers are bonded to each other, 
but also for a case where a silicon wafer is implanted 



with ions and directly bonded to an insulator wafer com- 
posed of SiOg, SIC. AI2O3 or the like to form an SOI lay- 
er. Further, if a wafer other than a silicon wafer (SiOg, 
SiC, AI2O3 etc.) is used as a wafer to be implanted with 
5 ions, it is also possible to obtain a bonded wafer having 
a thin film composed of such a material. 
[0006] When a bonded wafer such as SOI wafer is 
produced by such ion implantation and delamination 
method, one delaminated wafer of silicon should be in- 
10 evitably produced as a by-product. Conventionally, It 
has been considered that, since one SOI wafer can be 
obtained from substantially one silicon wafer by reclaim- 
ing such a delaminated wafer produced as a by-product 
in the ion implantation and delamination method, the 
^5 cost can be markedly reduced. 

[0007] However, such a delaminated wafer is not one 
that can be used as It is as a usual mirror surface silicon 
wafer, and it may have a step on peripheral portions, 
have a damage layer on the delaminated plane due to 
20 the ion implantation, or show significant surface rough- 
ness. Therefore, in order to reclaim it as a mirror surface 
wafer, it is necessary to polish (reclaim polishing) the 
surface to remove the step and the damage layer and 
thereby improve the surface roughness. 
^5 [0008] However, inventors of the present invention 
found that, even if the surface roughness of a delami- 
nated wafer Is improved by perfomfiing polishing as de- 
scribed above, there remained the following problem. 
Fig. 4 includes schematic views for explaining the prob- 
30 lem. 

[0009] As shown in Fig. 4 (1 ), a chamfered portion 8 
is usually provided by a processing called chamfering 
at a peripheral portion of a bond wafer 2 to be implanted 
with hydrogen ions in order to prevent cracking, chipping 
35 and so forth during processing. As for this bond wafer, 
an oxide film 3 is fomned on its surface by performing 
thennal oxidation treatment as required as shown in Fiq 
4(2). 

[0010] Then, when hydrogen ions are implanted from 
40 the top surface of such a bond wafer 2, a micro bubble 
layer 4 is formed in parallel to the wafer top surface (a 
portion from the wafer top surface to the mfcro bubble 
layer 4 formed by the implanted Ions will be referred to 
as an Ion-implanted layer hereinafter), and the ion-im- 
45 planted layer 9 is also fonned on the chamfered portion 
8 as shown in Fig. 4 (3). 

[0011] The bond wafer 2 on which the ion-implanted 
layer 9 was formed as described above is brought into 
close contact with a base wafer via the oxide film 3. and 

50 then subjected to a heat treatment so that they should 
be bonded. Then, they are separated into an SOI wafer 
and a delaminated wafers. At this time, the ion-implant- 
ed layer 9 on the chamfered portion 8, which was not 
bonded to the surface of base wafer, would remain on 

55 the delaminated wafer 5 even after the delamination as 
shown in Fig. 4 (4). although it is implanted with ions. In 
addition, although not shown in the figure, a peripheral 
portion of the delaminated wafer located slightly inside 
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the chamfered portion 8, i.e.. a portion on which so- 
called polishing sag was produced, similarly is not bond- 
ed to the base wafer, and it may remain on the delami- 
nated wafer 5 even after the delamination. 
[0012] If the surface of the delaminated wafer 5 pro- 
duced as a by-product as described above is mirror-pol- 
ished in order to reclaim the delaminated wafer as a mir- 
ror surface wafer, the step 10 and surface roughness on 
the surface of delaminated wafer 5 are eliminated. 
[0013] However, in the delaminated wafer 5 polished 
as described above, a part of the ion-implanted layer 9 
on the chamfered portion 8 remains as shown in Fig. 4 
(5). It was found that, if this wafer 5 was subjected to a 
heat treatment such as thermal oxidation treatment, the 
ion-implanted layer 9 remaining on the chamfered por- 
tion 8 was delaminated during the heat treatment proc- 
ess as shown in Fig. 4 (6), and the delaminated ion-im- 
planted layer become particles 13, which adhere to the 
wafer. Furthermore, it was clarified by the inventors of 
the present invention that, because it was difficult to re- 
move the particles adhered during such a heat treat- 
ment even with subsequent cleaning, there arose a 
problem that they degraded quality, yield and so forth of 
reclaimed wafers. Such a problem arises not only in the 
case of using a silicon wafer, but also in the reclaim treat- 
ment for cases of using a wafer of SiOg, SiC, AL2O3 etc. 
as a wafer to be implanted with ions. 

Disclosure of the Invention 

[001 4] Therefore, an object of the present i nvention is 
to provide a method for reclaiming a delaminated wafer, 
which provides a reclaimed wafer of high quality that 
does not generate particles even when it is subjected to 
a heat treatment with good yield, and such a reclaimed 
wafer. 

[0015] According to the present invention, in order to 
achieve the aforementioned object, there is provided a 
method for reclaiming a delaminated wafer produced as 
a by-product in the production of bonded wafer by the 
ion implantation and delamination method, character- 
ized In that at least an Ion-implanted layer on a cham- 
fered portion of the delaminated wafer Is removed, and 
then a surface of the wafer is polished. 
[001 6] If at least the part of ion-implanted layer on the 
chamfered portion of the delaminated wafer is surely re- 
moved, and then the wafer surface is polished as de- 
scribed above; the ion-implanted layer is completely re- 
moved from the whole delaminated wafer. Therefore, 
particles are not generated even if the wafer is subse- 
quently subjected to a heat treatment, and thus the wa- 
fer can be surely reclaimed as a wafer of high quality 
with high yield. 

[0017] According to the present invention, there is al- 
so provided a method for reclaiming a delaminated wa- 
fer produced as a by-product in the production of bond- 
ed waferby the ion Implantation and delamination meth- 
od, characterized in that at least a chamfered portion of 



the delaminated wafer is subjected to an etching treat- 
ment and/or processing by chamfering, and then a sur- 
face of the wafer is polished. 

[0018] If at least the chamfered portion of the delam- 
5 inated wafer is subjected to an etching treatment and/ 
or processing by chamfering before reclaim polishing, 
the ion-implanted layer on the chamfered portion of the 
delaminated wafer can be removed. Then, by the sub- 
sequent polishing, the ion-implanted layer remained 
around the peripheral portion Inside the chamfered por- 
tion is removed, and removal of the damage layer on 
the surface of the delaminated wafer and improvement 
of surface roughness can also be simultaneously at- 
tained. Therefore, the ion-implanted layer does not re- 
's main after the polishing, and hence, even if the wafer Is 
subsequently subjected to a heat treatment, particles 
are not generated, and thus the wafer can be reclaimed 
as a wafer of high quality with high yield. 
[0019] In this case, at least the ion-Implanted layer on 
20 the chamfered portion of the delaminated wafer is pref- 
erably removed by subjecting at least the chamfered 
portion to the aforementioned etching treatment and/or 
processing by chamfering. 

[0020] By removing at least the portion of the lon-im- 
25 planted layer on the chamfered portion as described 
above, the ion-implanted layer, which has been a cause 
of the generation of particles, can surely be removed, 
and a reclaimed wafer not generating particles can be 
surely obtained by performing polishing thereafter 
30 [0021] According to the present Invention, there Is al- 
so provided a method for reclaiming a delaminated wa- 
fer produced as a by-product in the production of bond- 
ed wafer by the ion Implantation and delamination meth- 
od, characterized in that the delaminated wafer is sub- 
35 jected to a heat treatment, and then a surface of the wa- 
fer is polished. 

[0022] By subjecting a delaminated wafer to a heat 
treatment beforehand as described above, the ion-Im- 
planted layer remaining around the peripheral portion of 

"^O the delaminated wafer can be delaminated and it can 
be removed by polishing the wafer after cleaning or di- 
rectly after the heat treatment. Further, surface rough- ' 
ness can be improved by the polishing, and thus a wafer 
of high quality can be reclaimed with good yield. 

^5 [0023] According to the present invention, there is fur- 
ther provided a wafer reclaimed by any one of the afore- 
mentioned methods. 

[0024] In a wafer reclaimed as described above, all of 
the ion-implanted layer is removed, the damage layer 

so on the surface of the delaminated wafer Is removed, and 
surface roughness is also improved. Therefore, even if 
the wafer is subjected to a heat treatment thereafter, 
particles are not generated, and thus the wafer can be 
preferably used as a mirror surface wafer of high quality. 

55 [0025] In particular, a delaminated wafer produced 
from a CZ silicon wafer as a by-product is preferably 
used as a base wafer or a usual silicon mirror surface 
wafer, because oxygen precipitation is caused in the re- 
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claimed delaminated wafer by delamination heat treat- 
ment or the like, and It exerts the gettering effect. 
[0026] Further a delaminated wafer produced from 
an FZ silrcon wafer as a by-product or a delaminated 
wafer having an epitaxial layer is preferred for reuse as 
a bond wafer, because such wafers do not contain crys- 
tal defects such as COPs (Crystal Originated Particles) 
and oxide precipitates like a CZ silicon wafer. 
[0027] As explained above, since the Ion-implanted 
layer is surely removed also for the chamfered portion 
in a delaminated wafer reclaimed according to the 
present invention, even if it is subjected to a heat treat- 
ment, particles resulting from the ion-Implanted layer 
are not generated, and removal of the damage layer on 
the surface of the delaminated wafer and improvement 
of the surface roughness are also aUained. Therefore, 
a water of high quality can be reclaimed with good yield. 

Brief Explanation of the Drawings 

[0028] Figs. 1 (a) to (h) show a flow diagram of an 
exemplary process for producing an SOI wafer by the 
ion implantation and delamination method. 
[0029] Fig. 2 shows a graph representing numbers of 
particles adhered on reclaimed wafers after thermal ox- 
idation treatment. 

[0030] Fig. 3 shows distribution of particles adhered 
on reclaimed wafers before and after thermal oxidation 
treatment: 

(A) wafers reclaimed by surface polishing after 
processing by chamfering (Example 2), 

(B) wafers reclaimed by surface polishing after heat 
treatment (Example 3), and 

(C) wafers subjected only to surface polishing 
(Comparative Example 2). 

[0031] Figs. 4 (1) to (6) are explanatory views for Il- 
lustrating the problem observed in flattening of delami- 
nated wafer surface by polishing according to a conven- 
tional method. 

Best Mode for Carrying out the Invention 

[0032] Hereafter, embodiments of the present inven- 
tion will be explained with reference to the appended 
drawings. However, the present invention is not limited 
to these. 

[0033] Fig. 1 shows a flow diagram of an exemplary 
process for producing an SOI wafer by the hydrogen ion 
delamination method. 

[0034] The present Invention will be explained here- 
after mainly as for a case where two of silicon wafers 
are bonded. 

[0035] In the hydrogen ion delamination method 
shown in Fig. 1, two mirror-surface silicon wafers are 
prepared first in the step (a). That is, a base wafer 1 that 
serves as a substrate and a bond wafer 2 that serves 



as an SOI layer, which correspond to specifications of 
devices, are prepared. 

[0036] Then, In the step (b), at least one of the wafers, 
the bond wafer 2 in this case, Is subjected to thermal 
5 oxidation to form an oxide film 3 having a thickness of 
about 0.1-2,0 \vrr\ on its surface. 

[0037] In the step (c), either hydrogen Ions or rare gas 
Ions are implanted into one surface of the bond wafer 2, 
on which surface the oxide film was formed, to form a 

10 micro bubble layer (enclosed layer) 4 parallel to the sur- 
face in mean penetration depth of the ions. The ion im- 
plantation temperature is preferably 25-450**C. 
[0038] The step (d) is a step of superimposing the 
base wafer 1 on the hydrogen ion-implanted surface of 

15 the hydrogen ion-implanted bond wafer 2 via the oxide 
film and bonding them. By contacting the surfaces of two 
of the wafers to each other In a clean atmosphere at an 
ordinary temperature, the wafers are adhered to each 
other without using an adhesive or the like. 

20 [0039] The subsequent step (e) is a delamination heat 
treatment step In which the wafers were delaminated at 
the enclosed layer 4 as a border to separate them Into 
a delaminated wafer 5 and an SOI wafer 6 (SOI layer 7 
+ buried oxide layer 3 + base wafer 1). For example, if 

25 the wafers are subjected to a heat treatment at a tem- 
perature of about SOO'^C or more under an Inert gas at- 
mosphere or oxidizing gas atmosphere, the wafers are 
separated into the delaminated wafer 5 and the SOI wa- 
fer 6 due to rearrangement of crystals and aggregation 

30 of bubbles. 

[0040] Further in step (f), the SOt wafers is subjected 
to a heat treatment at a high temperature as a bonding 
heat treatment to obtain sufficient bonding strength, be- 
cause the bonding strength of the wafers brought into 

55 close contact in the aforementioned bonding step (d) 
and the delamination heat treatment step (e) as it is 
would be weak for use in the device production process. 
This heat treatment Is preferably perfonned at, for ex- 
ample, 1 050**C to 1200*^0 for 30 minutes to 2 hours un- 

40 der an inert gas atmosphere or oxidizing gas atmos- 
phere. 

[0041] In addition, the delamination heat treatment of 
the step (e) and the bonding heat treatment of the step 
(f) may be perfomned continuously, or a heat treatment 

^5 may be perfomned so that it should serve as both of the 
delamination heat treatment of the step (e) and the 
bonding heat treatment of the step (f). 
[0042] The subsequent step (g) is a step of polishing 
using little stock removal for polishing, which Is called 

50 touch polish, and it is a step for removing a crystal defect 
layer existing on the cleavage plane (delaminated 
plane), which Is a surface of the SOI layer 7, and remov- 
ing the surface roughness. 

[0043] Through the aforementioned steps, the SOI 
55 wafer 6 of high quality having an SOI layer 7 of high 
crystal quality with highly uniform film thickness can be 
produced (step (h)). 

[0044] In such a hydrogen ion delamination method, 
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the delaminated wafer 5 will be produced as a by-prod- 
uct In the step (e) shown in Fig. 1 , Since the thickness 
of SOI layer produced by the hydrogen ion delamination 
method Is usually about 0.1-1.5 iim, or 2 (im at most, 
the delaminated wafer 5 has a sufficient thickness. 
Therefore, If this is reclaimed and reused as a silicon 
wafer, it become possible to markedly lower the produc- 
tion cost of SOI wafers. 

[0045] However, as shown in the aforementioned par- 
tial enlarged schematic view of Fig. 4 (4), there is gen- 
erated the step 10 around the peripheral portion of the 
delaminated wafers due to the remained ion-Implanted 
layer 9, and the'wafer cannot be used as it is as a silicon 
wafer. This step 1 0 at the peripheral portion is generated 
because the peripheral portion of the bond wafer is not 
bonded to the base wafer and remains as an unbonded 
portion. 

[0046] Further, a damage layer 12 remains on the 
delaminated plane 1 1 of the delaminated wafer 5 due to 
the hydrogen ion implantation, and the surface rough- 
ness thereof is also Inferior to that of a usual mirror sur- 
face wafer. 

[0047] Therefore, according to the present invention, 
in ordei^to reclaim a delaminated wafer produced as a 
by-product in the hydrogen ion delamination method as 
a silicon wafer by subjecting it to a suitable reclaim treat- 
ment, at least the ion-implanted layer on the chamfered 
portion of the delaminated wafer is removed, and then 
the wafer surface is polished. 

[0048] In the first embodiment of the reclaim method 
of the present invention, at least the chamfered portion 
of the delaminated wafer 5 Is first subjected to an etching 
treatment and/or processing by chamfering to remove 
the ion-implanted layer 9 on the chamfered portion 8. 
[O049] As for the etching treatment of the chamfered 
portion 8, the etching can be performed by using an 
acidic etching solution such as usually used mixed acid 
(mixture of hydrofluoric acid and nitric acid), or an alkali 
etching solution in which KOH, NaOH or the like is dis- 
solved. In this case, since it is sufficient that at least the 
ion-implanted layer remaining on the chamfered portion 
8 can be removed, the etching can be performed by im- 
mersing at least the chamfered portion 8 into an etching 
solution. 

[0050] Further, as an alternative method, the whole 
delaminated wafer 5 may be immersed in an etching so- 
lution such as the aforementioned mixed acid to etch 
the entire surface thereof. Since the thickness of SOI 
layer of SOI wafer is 2 p.m at most as described above, 
and the oxide film 3 has a thickness of about 0. 1 -2.0 |j.m, 
the ion-implanted layer 9 remaining on the chamfered 
portion 8 of the delaminatod wafer 5 would have a thick- 
ness of several microns at most. Therefore, even if the 
whole delaminated wafer 5 is etched, the thickness of 
the ion-implanted layer 9, i.e., several microns or less, 
is sufficient for the thickness to be removed for the entire 
wafer, and no problem would be caused. Further, this 
method of etching the entire delaminated wafer 5 as de- 



56 531 A1 8 

scribed above also has an advantage that the operation 
thereof is easier than that of the method of etching by 
immersing only the chamfered portion 8 in an etching 
solution. 

5 [0051] In addition to perfomning etching of the cham- , 
fered portion 8 as described above, it is also possible to 
remove the ion-implanted layer 9 of the chamfered por- 
tion 8 by chamfering the delaminated wafer 5. As the 
method of chamfering, the usual method may be used, 

10 In which a wafer obtained by slicing an ingot is subjected 
to chamfering to form such a chamfered portion as 
shown in Fig. 4(1). However, such a method may make 
the surface coarser Therefore, it is preferable to per- 
form the so-called mirror polishing (mirror surface edge 

'5 polishing), in which the chamfered portion is polished. 
By this polishing, the ion-implanted layer can be surely 
removed with stock removal of only several micrometers 
or less. 

[0052] In addition, before carrying out the etching 

20 treatment or the chamfering for the chamfered portion, 
it Is preferable to remove the surface oxide film 3. 
[0053] This is because, in particular, the etching rates 
of the oxide film 3 and the delaminated plane 1 1 during 
the etching are different from each other and therefore 

25 the delaminated plane 1 1 may be etched for a thickness 
larger than the thickness of the ion-implanted layer 9 
depending on the etching solution to be used. The oxide 
film 3 can be easily removed by, for example, immersing 
the delaminated wafer 5 in hydrofluoric acid. 

30 [0054] After the ion-implanted layer 9 is removed for 
at least a part thereof on the chamfered portion 8 by per- 
forming the etching treatment and chamfering for at 
least the chamfered portion as described above, polish- 
ing (reclaim polishing) of the delaminated plane 11 of 

35 the delaminated wafer 5 is performed. Although usual 
polishing for a wafer may be used also for this polishing, 
it is preferable in this case to perfomi polishing for re- 
moving the Ion-implanted layer remaining around the 
peripheral part of the delaminated wafer and the dam- 

40 age layer of the delaminated plane and then perform 
polishing for finishing. 

[0055] This is because of the following reasons. That 
is, the polishing is performed in order to remove a part 
of the ion-implanted layer on the surface inside the 

45 chamfered portion, which could not be removed by the 
etching treatment or the chamfenng for the chamfered 
portion performed beforehand, and to improve the sur- 
face roughness of the delaminated plane. And better 
surface roughness and flatness of the polished surface 

50 can be obtained by polishing consisting of a plurality of 
steps, which utilizes finer polishing agent, compared 
with a case whore the polished surface Is finished by 
polishing consisting of one step for removing the re- 
maining ion-implanted layer and so forth, and the pol- 

55 ishing consisting of a plurality of steps can attain quali- 
ties including surface roughness and flatness compara- 
ble to a usual silicon mirror surface wafer. In addition, 
this polishing for finishing is not necessarily to be per- 
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formed with one step, and it nnay be perfonned with two 
or more steps. 

[0056] In this way, the ion-implanted layer 9 on the 
chamfered portion 8 of the delaminated wafer, the dam- 
age layer 1 2 remaining on the delaminated plane 11 due 
to the io*n implantation, and the surface roughness of the 
delaminated plane 11 can be removed, and thus a re- 
claimed wafer having a surface that is not inferior at all 
to that of a usual mirror surface wafer can be obtained. 
[0057] As the second embodiment of the reclaim 
method of the present invention, the wafer surface can 
be polished after the delaminated wafer Is subjected to 
a heat treatment. 

[0058] As described above, it was found in the present 
invention that, if a delaminated wafer having a remaining 
ion-implanted layer on the chambered portion or the like 
Is subjected to a heat treatment such as thermal oxida- 
tion treatment, there was caused a problem that the ion- 
implanted layer remaining on the chamfered portion is 
delaminated during the heat treatment process and the 
delaminated ion-implanted layer becomes particles, 
which adhere to the wafer. 

[0059] Therefore, in the second embodiment of the re- 
claim method according to the present invention, the 
ion-implanted layer is removed beforehand by utilizing 
such delamination of the ion-implanted layer by the heat 
treatment. That Is, a delaminated wafer produced as a 
by-product in the production of bonded wafers such as 
SOI wafers is first subjected to a heat treatment. As for 
the heat treatment conditions in this case, the remaining 
ion-implanted layer can be delaminated by a heat treat- 
ment at a temperature of 500**C or more for several min- 
utes to several hours, for example, a heat treatment at 
1 000**C for 30 minutes in an oxidizing atmosphere. After 
this heat treatment, the particles generated by the dela- 
mination can be removed by polishing for reclaim per- 
formed after cleaning as usually performed or directly 
after the heat treatment. As in the first embodiment, it is 
preferable to remove the oxide film by immersing the 
delaminated wafer in hydrofluoric acid before the heat 
treatment is performed as described above. 
[0060] Meanwhile, since the delaminated wafer is 
delaminated by the delamination heat treatment at 
about 500**C or more as described above, it of course 
undergoes such a low temperature heat treatment. It is 
well known that, if a silicon wafer containing oxygen like 
a C2 wafer is subjected to a low temperature heat treat- 
ment, oxygen donors will be generated, and there may 
be caused, for example, a phenomenon that resistivity 
of p-type silicon wafer becomes unusually high. There- 
fore, also in a delaminated wafer produced as a by-prod- 
uct in the ion implantation and delamination method, ox- 
ygen donors may be generated by the delamination heat 
treatment, and resistivity of the delaminated wafer may 
become unusual. For this reason, there is caused a 
problem that, for example, when thickness of the wafer 
Is desired to be measured, thickness of the delaminated 
wafer cannot be measured by a measurement appara- 



tus of capacitive sensing method, which is generally 
used for measurement of wafer thickness. 
[0061] Under such a situation, when a CZ silicon wa- 
fer is used as a bond wafer, if the delaminated wafer is 
5 reclaimed according to the second embodiment of the 
reclaim method of the present invention, the heat treat- 
ment for causing the delamination of the ion-implanted 
layer can be made to serve also as a heat treatment for 
donor annihilation. That is, it is also possible to delam- 
10 inate the ion-implanted layer of the delaminated wafer, 
and simultaneously annihilate oxygen donors generat- 
ed in the delaminated wafer by the delamination heat 
treatment or the like so that abnormality of resistance of 
the delaminated wafer should be obviated. 
15 [0062] As such a heat treatment, a heat treatment at 
600*'C or more can be performed as generally per- 
formed as a heat treatment for donor annihilation. As a 
conventional method, a heat treatment can be per- 
formed, for example, at 650*C for 20 minutes. 
20 [0063] After the heat treatment is performed as de- 
scribed above, the wafer is cleaned if required, and then 
polished. This polishing can be performed in the same 
manner as in the aforementioned first embodiment. 
[0064] When an oxide film is formed on the wafer sur- 
25 face by the heat treatment performed before the polish- 
ing; it is preferable to eliminate the oxide film with hy- 
drofluoric acid or the like after the heat treatment and 
before performing the polishing. 

[0065] A silicon wafer reclaimed as described above 

30 by any one of the aforementioned methods of the 
present invention has a uniformly polished surface con- 
dition completely similar to that of usual silicon mirror 
surface wafers. Therefore, it can be used as a raw ma- 
terial wafer of a bonding SOI wafer, and it may also be 

35 used as a silicon wafer for production of usual integrated 
circuits and so forth. Further, it may also be used as a 
substrate of the so-called epitaxial wafer, and thus the 
purpose of the reuse is not particularly limited. 
[0066] When the reclaimed delaminated wafer of the 

40 • present invention is used as a base wafer or usual mirror 
surface silicon wafer, oxygen precipitation is caused in 
the reclaimed delaminated wafer by the thermal oxida- 
tion treatment (usually 900°C or higher) before the hy- 
drogen ion implantation and the delamination heattreat- 

45 ment at about 500*C or higher, and it exerts the so- 
called intrinsic gettering effect (IG effect). Therefore, it 
can be preferably used for those purposes. 
[0067] Further, if the delaminated wafer is used as a 
base wafer or a bond wafer for the production of SOI 

50 wafer, one SOI wafer can be obtained from substantially 
one silicon wafer. Therefore, the production cost of SOI 
wafer can be markedly decreased. 
[0068] The delaminated wafer reclaimed according to 
the present invention (reclaimed wafer) is reused as any 

55 desired silicon wafer. In this respect, it is also possible 
that a bond wafer used beforehand in the ion implanta- 
tion and delamination method, which is a wafer to be 
delaminated, has a thickness slightly larger than that re- 
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quired in the reclaimed wafer, so that it should have a 
thickness desired in the reuse after the reclaim treat- 
ment of the present invention. 

[0069] Hereafter, the present invention will be ex- 
plained more specifically with reference to the following 5 
examples and comparative examples. 

(Example 1, Comparative Examples 1 and 2) 

[0070] A thermal oxide film having a thickness of 400 10 
nm was formed on surface of F2 wafer having a diam- 
eter of 6 inches as a bond wafer, and hydrogen ions 
were implanted from the wafer top surface through the 
thermal oxide film. This wafer was bonded to a base wa- 
fer of the same diameter, and subjected to delamination 15 
heat treatment to produce an SOI wafer having an SOI 
layer with a thickness of about 400 nm. Eighteen dela- 
minated wafers produced as by-products In such an op- 
eration as described above were reclaimed as follows 
after the oxide films on the surfaces were removed. 20 
Example 1 (6 wafers): mixed acid etching (3 |j.m), and 
surface polishing (1 0 |xm) thereafter 
Comparative Example 1 (6 wafers): surface polishing 
(15|im) 

Comparative Example 2 (6 wafers): surface polishing 25 
(10 ^m) 

[0071] The parenthesized numeric values mentioned 
for each treatment represent thickness of removed por- 
tions (stock removal). In the mixed acid etching, the en- 
tire surfaces of the wafers were etched by using a con- 30 
ventionally used acid etching solution consisting of a 
mixture of hydrofluoric acid and nitric acid. 
[0072] These 1 8 reclaimed wafers and 1 4 usual mirror 
polished wafers as reference were loaded into a vertical- 
type heat treatment furnace and subjected to thermal 35 
oxidation treatment (1050**C, 1 hour). Then, number of 
particles having a size of 0.2 nm or more was measured 
by using a particle counter. The measurement results 
were shown in Fig. 2. 

[0073] As for the positions of wafers in the heat treat- 40 
ment furnace, from the top to the bottom (opening), wa- 
fers of Example 1 (6 wafers), reference (7 wafers), Com- 
parative Example 1 (6 wafers), Comparative Example 2 
(6 wafers), and reference (7 waters) were disposed in 
this order. 45 
[0074] From the results shown in Fig. 2, it was found 
that the reclaimed wafers of Example 1 according to the 
present invention showed substantially no generation of 
particles, whereas significant numbers of particles were 
generated in Comparative Examples 1 and 2. so 
[0075] It is considered that more particles were gen- 
erated for the three upper wafers among the seven wa- 
fers of reference disposed at the bottom side of the fur- 
nace, because particles generated on the wafers of 
Comparative Examples 1 and 2 dropped and adhered ss 
to the wafers. 
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(Examples 2 and 3) 

[0076] Delaminated wafers produced under the same 
conditions as in Example 1 were used. After the surface 
oxide films were removed, the wafers were subjected to 
mirror-surface edge polishing process (stock removal of 
about 1 jam) and then the surfaces were polished (Ex- 
ample 2), or after the surface oxide films were removed, 
the wafers were subjected to a heat treatment at 1 000**C 
for 30 minutes in an oxidizing atmosphere, the surface 
oxide films were removed again, and then the surfaces 
were polished (Example 3). The wafers were subjected 
to the same thennat oxidation treatment as in Example 
1, and generation of particles was determined before 
and after the thermal oxidation treatment. The results 
are shown in Fig. 3 (A) and (B). For comparison, the 
particle generation of the reclaimed wafers of the afore- 
mentioned Comparative Example 2 before and after the 
thermal oxidation treatment was also shown in Fig. 3 
(C). 

[0077] As clearly seen from these figures, substantial- 
ly no generation of particles was observed for each wa- 
fer before the thermal oxidation treatment. On the other 
hand, after the thermal oxidation treatment, the gener- 
ation, of particles was not observed for the wafers of Ex- 
amples 2 and 3, whereas adhesion of particles in a con- 
siderable number was observed for the peripheral por- 
tions of the wafers of Comparative Example 2. 
[0078] As evident from the measurement results 
shown in Fig. 3 and the aforementioned Fig. 2, it was 
demonstrated that the wafers produced through the re- 
claim treatment of the present invention did not suffer 
from the generation of particles, even though they were 
subsequently subjected to thermal oxidation treatment. 
[0079] The present invention is not limited to the em- 
bodiments described above. The above-described em- 
bodiments are mere examples, and those having the 
substantially same structure as that described in the ap- 
pended claims and providing the similar functions and 
advantages are included In the scope of the present in- 
vention. 

[0080] For example, in the aforementioned embodi- 
ments, the present invention was explained for delami- 
nated wafers produced as by-products in the production 
of SOI wafers by bonding two of silicon wafers via an 
oxide film by the Ion implantation and delamination 
method. However, the present invention can also be 
used for production of other kinds of bonded wafers. 
That is, the present invention can be used for the pro- 
duction of bonded wafers by directly bonding silicon wa- 
fers without an oxide film, and not only for bonding of 
silicon wafers, but also for reclaim of delaminated wafer 
produced as a by-product in the production of SOI wafer 
by directly bonding an ion-implanted silicon wafer and 
an insulator wafer composed of SiOg, SIC, AI2O3 or the 
like, as a mirror surface wafer. Furthermore, the present 
invention may also be used for a delaminated wafer pro- 
duced as a by-product in the production of bonded wafer 
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having a thin filnn of SiOg, SiC, AI2O3 or the like by using 
a wafer composed of a material other than silicon such 
as those mentioned above as a wafer to be Implanted 
with Ions. 

[0081] Further the aforementioned embodiments 5 
were explained for a case where delamlnation was at- 
tained by heat treatment in the hydrogen ion delamlna- 
tion method. However, the present invention can of 
course be used for a delaminated wafer obtained by 
delamtnation at room temperature without performing 10 
any particular heat treatment, where Ion Implantation is 
perfomied with excited hydrogen Ions In a plasma state. 



Claims 

1 . A method for reclaiming a delaminated wafer pro- 
duced as a by-product in the production of bonded 
wafer by the ion implantation and detaminalion 
method, characterized in that at least an ion-im- 20 
planted layer on a chamfered portion of the delam- 
inated wafer is removed, and then a surface of the 
wafer is polished. 

2. A method for reclaiming a delaminated wafer pro- 2s 
duced as a by-product in the production of bonded 
wafer by the ion implantation and delamlnation 
method, characterized in that at least a chamfered 
portion of the delaminated wafer is subjected to an 
etching treatment and/or processing by chamfering, 30 
and then a surface of the wafer is polished. 

3. The method for reclaiming a delaminated wafer ac- 
cording to Claim 2, characterized in tliat at least 
the ion-implanted layer on the chamfered portion of 35 
the delaminated wafer is removed by subjecting at 
least the chamfered portion to the etching treatment 
and/or processing by chamfering. 

4. A method for reclaiming a delaminated wafer pro- 40 
duced as a by-product in the production of bonded 
wafer by the ion implantation and delamlnation 
method, characterized in that the delaminated wa- 
fer is subjected to a heat treatrrient, and then a sur- 
face of the wafer is polished. ^5 

5. A wafer reclaimed by a method according to any 
one of Claims 1-4. 
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FIG.4 



(1) PREPARATION OF BOND WAFER 



(2) FORMATION OF THERMAL OXIDE FILM 
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(3) IMPLANTATION OF HYDROGEN IONS 
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(4) BONDING TO BASE WAFER 
AND OaAMINATION 
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(5) REMOVAL OF OXIDE FILM. 
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